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Description 



This invention relates to a process for the polymerization of alpha-oiefins which, by slurry polymeriza- 
tion or vapor-phase polymerization, particularly the latter, can give a SDherical polymer having a good 
particle size distribution and an excellent bulk density. The process can b3 applied to the copolyimerization 
of at least two olefins with high polymerization activity to give an olefin copolymer having a narrow 
molecular weight distribution and a narrow composition distribution. 

For the production of an alpha-olefin polymer, particularly an ethylere polymer or an ethylene/alpha- 
olefin copolymer, methods have previously been known in which ethylene is polymerized, or ethylene and 
an alpha-olefin are copolymerized, in the presence of a titanium-containing catalyst comprising a titanium 
compound and an organoaluminum compound or a vanadium-containing catalyst comprising a vanadium 
compound and an organoaluminum compound. 

On the other hand, catalysts comprising a zirconium compound and an aluminoxane have been 
proposed recently as a new type of Ziegler catalyst for olefin polymerization. 

JP-A-1 9309/1 983 discloses a process which comprises polymerizing ethylene and at least one alpha- 
olefin having 3 to 12 carbon atoms at a temperature of -50 *C to 200 'C in the presence of a catalyst 
composed of a transition metal-containing catalyst represented by the following formula 

(cyclopentadieny l) 2 MeR 1 Hal 

wherein R 1 represents cyclopentadienyl, d-Cs alkyl or halogen, Me represents a transition metal, and Hal 
represents halogen, 

with a linear aluminoxane represented by the following formula 
AI 2 OR 2 4(A!(R 2 )-0) n 

wherein R 2 represents methyl or ethyl, and n is a number of 4 to 20, 
or a cyclic aluminoxane represented by the following formula 



wherein R 2 and n are as defined above. 

This patent document states that in order to adjust the density of the resulting polyethylene, ethylene 
should be polymerized in the presence of a small amount (up to 10 % by weight) of a slightly Hong-chain 
alpha-olefin or a mixture thereof. 

JP-A-95292/1984 describes an invention relating to a process for producing a linear aluminoxane 
represented by the following formula 



*Al<R 2 )-0* 



n+2 




wherein n is 2 to 40 and R 3 is Ct-Cs alkyl, 

and a cyclic aluminoxane represented by the following formula 
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wherein n and R are as defined above. 

This Publication states that when an olefin is pollymerized using a mixture of methylaluminoxane produced 
by the above process with a bis(cyclopentadienyl) compound of titanium or zirconium, polyethylene is 
obtained in an amount of at least 25 million grams per gram of the transition metal per hour. 

JP-A-35005/1985 discloses a process for producing a catalyst for polymerization of olefins, which 
comprises reacting an aluminoxane compound represented by the following formula 



w 




wherein R* represents Ci-Cio alkyl, and R° is R* or is bonded to repressnt -0-, 

with a magnesium compound, then chlorinating the reaction product, and treating the chlorinated product 
with a compound of Ti, V, Zr or Cr. The above Publication describes that the above catalyst is especially 
suitable for the copolymerization of ethylene with a C3-C12 alpha-olefin mixture. 

20 JP-A-35006/1985 discloses a combination of (a) a mono-, di- or tii-pentadienyl compound of at least 
two dissimilar transition metals or its derivative with (b) alumoxane (aluminoxane) as a catalyst system for 
polymers blended in a reactor. Example 1 of this Publication discloses that polyethylene having a number 
average molecular weight of 15,300 and a weight average molecular weght of 36,400 and containing 3.4 % 
of a propylene component was obtained by polymerizing ethylene and propylene using bis- 

25 (pentamethylcyclopentadienyl) dimethyl zirconium and alumoxane as a catalyst. In Example 2 of this 
Publication, a blend consisting of polyethylene and an ethylene/propylene copolymer and having a number 
average molecular weight of 2,000, a weight average molecular weight of 8,300 and a propylene component 
content of 7.1 mole % and consisting of a toluene-soluble portion having a number average molecular 
weight of 2,200, a weight average molecular weight of 11,900 and a propylene component content of 30 

30 mole % and a toluene-insoluble portion having a number average rrolecular weight of 3,000, a weight 
average molecular weight of 7,400 and a propylene component content of 4.8 mole % was obtained by 
polymerizing ethylene and propylene using bis(pentamethylcyclopen:adieneyl)zirconium dichloride, bis- 
(methylcyclopentadienyl)zirconium dichloride and alumoxane as a calalyst. Likewise, Example 3 of this 
Publication describes a blend of LLDPE* and an ethylene/propylene Copolymer composed of a soluble 

35 portion having a molecular weight distribution (Mw/Mn) of 4.57 and a propylene component content of 20.6 
mole % and an insoluble portion having a molecular weight distribution Df 3.04 and a propylene component 
content of 2.9 mole %. 

JP-A-35007/1985 describes a process which comprises polymerizing ethylene alone or with an alpha- 
olefin having at least 3 carbon atoms in the presence of a catalyst system comprising a metallocene and a 
40 cyclic alumoxane represented by the following formula 



45 




wherein R 5 represents an alkyl group having 1 to 5 carbon atoms, and n is an integer of 1 to about 20, 
or a linear alumoxane represented by the following formula 

50 

R 5 (-ai-o) air* 
tc n 2 
IT 

55 

wherein R 5 and n are as defined above. 

The Publication describes that the polymer obtained by the above process has a weight average molecular 
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weight of about 500 to about 1 .400,000 and a molecular weight distribution of 1 .5 to 4.0. 

JP-A-35008/1985 describes that polyethylene or a copolymer of ethylene and a C 3 -Ci 0 aUpha-olefin 
having a wide molecular weight distribution is produced by using a catalyst system comprising att least two 
types of metallocenes and alumoxane. The Publication states that the above copolymer has a molecular 

5 weight distribution (Mw/Mn) of 2 to 50. 

US-A-4 530 914, EP-A-1 28046 and EP-A-1 293-68 describe olefin polymerization catalysts which com- 
prise at least two metallocenes and an aluminoxane. JP-A-1 0861 0/1 986 describes a solid catalyst compris- 
ing a transition metal compound of the formula (cyclopentadienylkMRnX^, where M is Ti or Zr, R is C;-C 6 
alkyl, X is halogen and n is 0-2, a reaction product of a trialkylaluminium ivith water and an inorganic oxide 

io carrier. 

These catalysts formed from transition metal compounds and aluminoxanes have much higher poly- 
merization activity than the catalyst systems known heretofore. 

On the other hand, methods using catalysts formed from solid catalyst components composed of the 
above transition metal compounds supported on porous inorganic oxide carriers such as silica, silica- 
's alumina and alumina and aluminoxanes are proposed in JP-A-35006/1S85, JP-A-35007/1985 and JP-A- 
35008/1985 which are cited above. JP-A-31 404/1 986 and JP-A-1 06808/1 £85 propose methods using solid 
catalyst components supported on similar porous inorganic oxide carriers. 

In one aspect the invention provides a process for preparing an alpha-olefin polymer which comprises 
(i) prepolymerizing at least one alpha-olefin in the presence of a solid catal/st comprising 
20 (A) a solid catalyst component composed of a transition metal compounj of the formula (I) 

RlRfFtfR^Me (I) 

wherein R 1 represents a cycloalkadienyl group, R 2 , R 3 and R 4 are identical or different and each 
25 represents a cycloalkadienyl group, an aryl group, an alkyl group, a cycloalkyl group, an aralkyl group, a 
halogen atom, a hydrogen atom, or a group of the formula -OR a , -SR b or -NR| in which each of R a , R b 
and R c represents an alkyl group, a cycloalkyl group, an aryl group, an aralkyl group or an organic silyl 
group, Me represents zirconium, titanium or hafnium, k is 1, 2, 3 or 4, I, m and n are each 0, 1, 2 or 3 
and 

30 k+l+m + n = 4 supported on a carrier, and 

(B) an aluminoxane, and then (ii) homopolymerizing or copolymerizing an alpha-olefin in the presence of 
the solid catalyst resulting from step (i). 

The catalyst component (A) is a solid catalyst component composed of a compound of a transition 
metal of Group IVB of the periodic table supported on a carrier. 
35 The transition metal of Group IVB of the periodic table in the catalysl component (A) is selected from 
titanium, zirconium and hafnium. Titanium and zirconium are more preferred, and zirconium is especially 
preferred. 

The transition metal compound of formula (I) has at least one alkadienyl group Ri , having a conjugated 
7T electron, as a ligand. Examples of the cycloalkadienyl group represented by R 1 are cyclopentadienyl, 
40 methylcyclopentadienyl, ethylcyclopentadienyl, dimethylcyclopentadienyl, indenyl and tetrahydlroindenyl. 
Examples of the cycloalkadienyl group represented by R 2 , R 3 and R 4 may be the same as above. 

The aryl group represented by R 2 , R 3 and R 4 is preferably a phenyl or tolyl group. 

Likewise, preferred examples of the aralkyl gromp are benzyl and neophile groups. 

Examples of preferred alkyl groups are methyl, ethyl, propyl, isopropyl, butyl, hexyl, octyl, 2-ethylhexyl, 
45 decyl and oleyl groups. 

Preferably, the cycloalkyl group may be, for example, a cyclopentyl, cyclohexyl, cyclooctyl, or 
norbornyl group. 

The halogen atom may be, for example, fluorine, chlorine or bromine. 

Specific examples of the groups -OR a , -SR b and -NR£ where R a , R b and R c are alkyl, cycloalkyl, aryl 
so and aralkyl will be clear from the above specific examples of these groups. 

Examples of the organic silyl group for R a , R b and R c are trimethylsilyi, triethylsilyl, phenyldimethylsilyl, 
diphenylmethylsilyl and triphenylsilyl groups. 

Examples of. zirconium compounds corresponding to formula (I) in which Me is zirconium are listed 
below: 

55 bis(cyclopentadienyl)zirconium monochloride monohydride, 
bis(cyclopentadienyl)zirconium monobromide monohydride, 
bis(cyclopentadienyl)methylzirconium hydride, 
bis(cyclopentadienyl)ethylzirconium hydride. 
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bis(cyclopentadienyl)cyclohexyl2irconium hydride, 
bts(cyclopentadienyl)phenyl2irconium hydride, 
bis(cyclopentadienyl)ben2ylzirconium hydride, 
bis(cyclopentadienyl)neopentylzirconium hydride, 
bis(methylcyclopentadienyl)2irconium monochloride monohydride, 
bis(indenyl)2irconium monochloride monohydride, 
bis(cyclopentadienyl)zirconium dichloride, 
bis(cyclopentadienyl)2irconium dibromide, 
bis(cyclopentadieny!)methyl2irconium monochloride, 
bis(cyclopentadienyl)ethylzrconium monochloride, 
bis(cyclopentadienyl)cyclohexylzirconium monochloride, 
bis(cyclopentadienyl)phenyl2irconium monochloride, 
bis(cyclopentadienyl)ben2yl2irconium monochloride, 
bis(methylcyclopentadienyl)zirconium dichloride, 
bis(indenyl)2irconium dichloride, 
bis(indenyl)zirconium dibromide, 
bis(cyclopentadienyl)diphenyl2irconium, 
bis(cyclopentadienyl)benzylzirconium, 
bis(cyclopentadienyl)methoxy2irconium chloride, 
bis(cyclopentadienyl)ethoxyzirconium chloride, 
bis(cyclopentadienyl)butoxy2irconium chloride, 
bis(cyclopentadienyl)2-ethylhexoxyzirconium -chloride, 
bis(cyclopentadieny l)methy Izirconium ethoxid e, 
bis(cyclopentadienyl)methyl2irconium butoxidle, 
bis(cyclopentadienyl)ethyl2irconium ethoxide, 
bis(cyclopentadienyl)phenylzirconium ethoxide, 
bis(cyclopentadienyl)benzyl2irconium ethoxide, 
bis(methylcyclopentadienyl)ethoxyzirconium chloride, 
bis(indenyl)ethoxy2irconium chloride, 
bis(cyclopentadienyl)ethoxy2irconium, 
bis(cyclopentadienyl)butoxy2irconium, 
bis(cyclopentadienyl)2-ethylhexoxy2irconium, 
bis(cyclopentadienyl)phenoxy2irconium chloride, 
bis(cyclopentadienyl)cyclohexoxy2irconium clhloride, 
bis(cyclopentadienyl)phenylmethoxy2irconium chloride, 
bis(cyclopentadienyl)methyl2irconium phenylmethoxide, 
bis(cyclopentadienyl)trimethylsiloxy2irconium chloride, 
bis(cyclopentadienyl)triphenylsiloxy2irconium chloride, 
bis(cyclopentadienyl)thiophenyl2irconium chloride, 
bis(cyclopentadienyl)thioethyizirconium chloride, 
bis(cyclopentadieny l)bis(dimethylamide)2irconium , . 
bis(cyclopentadienyl)diethylamide2irconium chloride, 
ethylenebis(indenyl)ethoxy2irconium chloride,. 
ethylenebis(4,5,6,7-tetrahydro-1-indenyl)ethoxy2irconium chloride, 
ethylenebis(indenyl)dimethylzirconium, 
ethylenebis(indenyl)diethyl2irconium, 
ethylenebis(indenyl)diben2yl2irconium, 
ethylenebis(indenyl)methyl2irconium monobromide, 
ethylenebis(indenyl)ethylzirconium monochloride, 
ethylenebis(indenyl)ben2yl2irconium monochloride, 
ethylenebis(indenyl)methyl2irconium monochloride, 
ethylenebis(indenyl)zirconium dichloride, 
ethylenebis(indenyl)2irconium dibromide. 
ethylenebis(4,5 t 6,7-tetrahydro-1-indenyl)dimethyl2irconium, 
ethylenebis(4,5,6,7-tetrahydro-1-indenyl)methylzirconium monochloride, 
ethylenebis(4,5,6.7-tetrahydro-1-indenyl)2irconium dichloride, 
ethy lenebis(4,5,6,7-tetrahydro-1 -indenyl)2irconium dibromide, 
thylenebis(4-methyl-1 -indenyl)2irconium dichloride, 
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ethylenebis(5-methyl-1-indenyl)zirconium dichloride, 
ethylenebis(6-methyl-1 -indenyl)zirconium dichloride. 
ethylenebis(7-methyl«1-indenyl)zirconium dichloride, 
ethylenebis(5-methoxy-1 -indenyl)zirconium dich loride, 
ethylenebis(2,3-dimethyl-1 -indenyl)zirconium dichloride, 
ethylenebis(4 t 7-dimethyl-1 -indenyl)zirconium dichloride, 
ethylenebis(4,7-dimethoxy-1 -indenyl)zirconium dichloride, 
ethylenebis(indenyl)zirconium dimethoxide, 
ethylenebis(indenyl)zirconium diethoxide, 
ethylenebis((indenyl)methoxyzirconium chloride. 
ethylenebis(indenyl)ethoxyzirconium chloride, 
ethylenebis(indenyl)methylzirconium ethoxide, 
ethylenebis(4,5,6,7-tetrahydro-1 -indenyl)zirconiu m dimethoxide, 
ethylenebis(4,5,6,7-tetrahydro-1 -indenyl)zirconiu m diethoxide, 
ethylenebis(4,5,6,7-tetrahydro-1-indenyl)methoxyzirconium chloride, 
ethylenebis(4,5,6,7-tetrahydro-1 -indenyl)ethoxyz irconium chloride, and 
ethylenebis(4,5,67-tetrahydro-1-indenyI)methylzirconium ethoxide. 

Examples of titanium compounds corresponding to formula (I) in which Me is titanium are listed below: 

bis(cyclopentadienyl)titanium monochloride mornohydride, 

bis(cyclopentadienyl)methyltitanium hydride, 

bis(cyclopentadienyl)phenyltitanium chloride, 

bis(cyclopentadienyl)benzyltitanium chloride, 

bis(cyclopentadienyl)titanium chloride, 

bis(cyclopentadienyl)dibenzyltitanium, 

bis(cyclopentadienyl)ethoxytitanium chloride, 

bis(cyclopentadieny!)butoxytitanium chloride, 

bis(cyclopentadienyl)methyItitanium ethoxide, 

bis(cyclopentadienyl)phenoxytitanium chloride, 

bis(cyclopentadienyl)trimethylsiloxytitanium chloride, 

bis(cyclopentadienyl)thiophenyltitanium chloride , 

bis(cyclopentadienyl)bis(dimethylamide)titanium, 

bis(cyclopentadienyl)ethoxytitanium, 

ethylenebis(indenyl)titanium dichloride, and 

ethylenebis(4,5,6,7-tetrahydro-1 -indenyl)titaniumi dichloride. 

Examples of hafnium compounds corresponding to formula (I) in which Me is hafnium are listed below: 

bis(cyclopentadienyl)hafnium monochloride monohydride, 

bis(cyclopentadienyt)ethylhafnium hydride, 

bis(cyclopentadienyl)phenylhafnium chloride, 

bis(cyclopentadienyl)hafnium dichloride, 

bis(cyclopentadienyl)hafnium dibenzil 

bis(cyclopentadienyl)ethoxyhafnium chloride, 

bis(cyclopentadienyl)butoxyhafnium chloride, 

bis(cyclopentadienyl)methylhafnium ethoxide, 

bis(cyclopentadienyl)phenoxyhafnium chloride, 

bis(cyclopentadienyl)thiophenylhafnium chloride, 

bis(cyclopentadienyl)bis(diethylamide)hafnium, 

ethylenebis(indenyl)hafnium dichloride, and 

ethylenebis(4,5,6,7-tetrahydro-1 -indenyl)hafnium dichloride. 

In the catalyst component (A), the IVB transition metal compound may be treated with an organic metal 
compound prior to supporting. The organic metal compound may be, for example, an organoaluminum 
compound, an organoboron compound, an organornagnesium compound, an organozinc compound or an 
organolithium compound. The organoaluminum compound is preferred. 

Examples of the organoaluminum compound include trialkylaluminums such as trimethylaluminum, 
triethylaluminum and tributylaluminum; alkenylalunninums such as isoprenylaluminum; dialkyl aluminum 
alkoxides such as dimethyl aluminum methoxide, diethyl aluminum ethoxide and dibutyl aluminum butoxide; 
alkyl aluminum sesquialkoxides such as methyl aluminum sesquimethoxide and ethyl aluminum 
sesquiethoxide; partially alkoxylated alkylaluminums having an average composition of the formula 
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R 2.5 A1(Or2) 0.5' 

dialkyl aluminum halides such as dimethyl aluminum chloride, diethyl aluminum chloride and dimethyl 
5 aluminum bromide; alkyl aluminum sesquihalides such as methyl aluminum sesquichloridle and ethyl 
aluminum sesquichloride; partially halogenated alkylaluminums, for example alkyl aluminum diihalides such 
as methyl aluminum dichloride and ethyl aluminum dichloride. 

The trialkylaluminums and dialkyl aluminum chlorides are preferred, and above all trimethylaluminum, 
triethylaluminum and dimethyl aluminum chloride are preferred. 
10 Triethylboron is a preferred example of the organoboron compound. 

Examples of the organomagnesium compound are ethylbutylmaghesium, di-n-hexylmagnesium, ethyl 
magnesium bromide, phenyl magnesium bromide and benzyl magnesium chloride. 

Diethylzinc is a preferred example of the organozinc compound. 

Methyllithium, butyllithium and phenyllithium are examples of the organolithium compound. 
75 An organoaluminum compound is preferred as the organic metal compound (C). 

The solid catalyst component (A) is composed of the transition metal compound of formula (I) 
supported on a carrier. 

The carrier may be organic or inorganic,- and is advantageously a granular or particulate solid having a 
particle diameter of, for example, 10 to 300 micrometers, preferably 20 to 200 micrometers. A porous oxide 
20 is preferred as the inorganic carrier. Specific examples include Si0 2 , Ab0 3 , MgO, Zr0 2 , Ti0 2 „ B 2 0 3 , CaO, 
ZnO, BaO and Th0 2 and mixtures of these, such as Si0 2 -MgO, Si0 2 -Al 2 0 3 , Si0 2 -Ti0 2 , Si0 2 -V 2 0 5 , Sick- 
en 0 3 and Si0 2 -Ti0 2 -MgO. A catalyst containing at least one component selected from the group of Si0 2 
and Al 2 0 3 as a main component is preferred. 

The inorganic oxide may contain a small amount of a carbonate, nitrate, sulfate or an oxide component 
25 such as Na 2 C0 3 , teCCb, CaC0 3l MgC0 3 . Na 2 SO*. AI 2 (S003, BaS0 4l KN0 3 , Mg(N0 3 ) 2 , AI(N0 3 ) 3 . Na 2 0. 
Ks>0 and Li 2 0. 

The porous inorganic carrier preferably used in this invention has a specific surface area of 50 to 1000 
m 2 /g, preferably 100 to 700 m 2 /g and a pore volume of 0.3 to 2.5 cmVg, although its characteristics vary 
depending upon its type and the method of production. The carrier is used after it is calcined usually at 150 
30 to 1000 * C, preferably 200 to 800 • C. 

Granular or particulate solids of organic compounds having a particle diameter of 10 to 300 microm- 
eters may also be used in the present invention. Examples of the organic compounds are (co)polymers 
containing alpha-olefins having 2 to 14 carbon atoms such as ethylene, propylene, 1-butene, 4-methyl-1- 
pentene and 1-decene as a main component, and polymers or copolyners containing vinylcyclohexane or 
35 styrene as a main component. 

The mixing weight ratio of the Group IVB transition metal compound to the carrier (transition 
metal/carrier) in the supporting reaction in this invention is 0.5 to 15 %, preferably 0.8 to 10 % by weight, 
more preferably 1 to 7 % by weight. 

The supporting may be carried out, for example, by mixing the carrier and the transition metal 
40 compound in the presence of an inert solvent, and removing the solvent by using an evaporator, for 
example, at room temperature or at an elevated temperature under atmospheric pressure or elevated 
pressure. 

It can also be achieved by the following methods, for example. 

(1) A method which comprises treating the carrier with an organoaluminum compound such as 
45 trimethylaluminum, dimethyl aluminum chloride and aluminoxane or a halogen-containing silicon com- 
pound such as trichlorosilane, and mixing the treated carrier with the Group IVB transition metal 
compound. 

(2) A method which comprises treating the Group IVB transitbn metal compound with an or- 
ganoaluminum compound such as trimethylaluminum or dimethyl aluminum chloride and then mixing the 

so treated compound with the carrier in the presence of an inert solvent. 

(3) A method which comprises mixing the carrier, the Group IVB :ransition metal compound and the 
aluminoxane as catalyst component (B), or removing the solvent from the mixture using an evaporator, 
for example, under atmospheric pressure or reduced pressure. 

The catalyst compon nt (B) is an aluminoxane. The aluminoxane used as the catalyst component (B) 
55 may be, for xample, an organoaluminum compound represented by the following formula (II) 
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30 



35 



40 



45 



50 



55 



R v R 
\ / 

AlfO-Al^o-Al^Al ... 



R 



wherein R represents a hydrocarbon group. X represents a halogen atom, and a and b. independently (rom 
each other, are a number of 0 to 80 provided that a and b are not simultaneously "zero (in this formula 
io a + b + 2 is the degree of polymerization), 
or by the following formula 



75 



wherein R. X. a. and b are as defined with regard to formula (II) above (in his formula, a + b is the decree of 
20 polymerization): a 

In the above formulae (II) and (III), R represents a hydrocarbon group such as an alkyl, cycloalkyl aryl 
or aralkyl group. The alkyl group is preferably a lower alkyl group such as a methyl, ethyl, propyl or butyl 
group. The cycloalkyl group is preferably a cyclopentyl or cyclohexyl group. The aryl group is preferably a 
phenyl or tolyl group. Benzyl and neophile groups are preferred examples of the aralkyl group Among 
25 them, the alkyl groups are especially preferred. 

X is a halogen atom such as fluorine, chlorine, bromine or iodine. Chlorine is especially preferred 
a and b, independently from each other, represent a number of 0 to 80, provided that a and b are not 
simultaneously zero. - - 

When b is 0, formula (II) can be written as (ll)-1 



R R 

v / 

AU0-A1J_0A1 ... 
R R \ 

wherein R and a are as defined above. 

The formula (III) above may be written as the following formula (Ill)-1 



(III)-l 



wherein R and a are as defined above. 

In formula (ll)-1, a is preferably 2 to 50, more preferably 4 to 30. In formula (lll)-1, a is preferably 4 to 
52, more preferably 6 to 32. - 

a is preferably 0 to 40. more preferably 3 to 30, and b is preferably 1 to 40, more preferably 3 to 30 
The a + b value is preferably 4 to 50, more preferably 8 to 30. 
In formulae (II) and (III), the two units 

-O-Al- and -O-Al- 
i t 
R R 

may be bonded in blocks or at random. 
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When a is 0 in formulae (II) and (III), it is desirable to use an organoaluminum compound of the 
following formula (V) 

air! z 3 .i (v ) 

5 

wherein R 7 represents an alkyl group having 1 to 10 carbon atoms or a cycloalkyl group having 3 to 12 
carbon atoms, Z represents a halogen atom, and f is a number of 1 to 3, 

together with the halogenated aluminoxane- Examples of the organoaluminum compound are 
trimethylaluminum, triethylaluminum, tributylaluminum, trihexylaluminum, diethylaluminum chloride and ethyl 
10 aluminum sesquichloride. 

At this time, it is desirable to use 0.1 to 10 moles, preferably 0.3 to 3.0 moles, especially preferably 0.5 
to 2.0 moles, of the organoaluminum compound per mole of the aluminum atom of the halogenated 
aluminoxane. 

The following methods may be cited as examples of producing the aluminoxane or the halogenated 
75 aluminoxane. 

(1) A method which comprises reacting a compound containing water of adsorption or a salt containing 
water of crystallization, such as magnesium chloride hydrate, nickel sulfate hydrate or cerous chloride 
hydrate, with a trialkylaluminum or a dialkyl aluminum monohalide while the former is being suspended 
in a medium such as benzene, toluene, ethyl ether or tetrahydrofuran 
20 (2) A method which comprises the action of water directly on a trialkylaluminum and/or a dialkyl 
aluminum monohalide in a medium such as benzene, toluene, ethyl ether or tetrahydrofuran. 
Of these, the method (1) is preferably employed. The aluminoxane may contain a small amount of an 
organometallic component. 

The catalyst may be prepared by contacting the prepared carrier-supported solid catalyst component 
25 (A) and aluminoxane catalyst component (B) in an inert medium, or by supporting the Group IVB transition 
metal compound and the aluminoxane simultaneously on a carrier, prior to pre-polymerization. Preferably, 
prior to pre-polymerization, the catalyst componemts (A) and (B) are mixed in an inert hydrocarbon medium. 
When the inert hydrocarbon medium dissolves the catalyst component (B), the resulting mixture is 
preferably subjected to an evaporator at room temperature or at an elevated temperature under atmospheric 
30 or reduced pressure to remove the solvent. It is alternatively preferred to deposit the catalyst component (B) 
by, for example, adding a solvent in which the catalyst component (B) is insoluble, thereby to form a solid 
catalyst at least comprising (A) and (B). 

The catalyst contains the transition metal compound in an amount of usually 0.003 to 3 mg-atom, 
preferably 0.005 to 2 mg-atom, especially preferably 0.01 to 1 mg-atom, as the transition metal atom per 
35 gram of the carrier. The proportion of the aluminoxane catalyst component, whether prior to the pre- 
polymerization of an olefin, the catalyst is a solid catalyst formed from the components (A) and (B) in an 
inert hydrocarbon medium or is a solid catalyst formed by supporting the transition metal component and 
the aluminoxane catalyst component, is such thatt the atomic ratio of aluminum atom to the transition metal 
atom of the transition metal compound (Al/Me) is from 1 to 1000, preferably from 10 to 700, especially 
40 preferably from 15 to 500. 

The catalyst may contain an electron donor in addition to the carrier component, transition metal 
compound and the aluminoxane. Examples of the electron donor include carboxylic acids, esters, ethers, 
ketones, aldehydes, alcohols, phenols, acid amSdes, oxygen-containing compounds such as compounds 
containing a metal-OC bond (the metal is, for example, aluminurr or silicon), nitriles, amines, and 
45 phosphines. The proportion of the electron donor is usually 0 to 1 mole, preferably 0.1 to 0.6 mole, per 
gram of the transition metal atom (Me). 

The solid catalyst component usually has an average particle diameter of 10 to 300 micrometers, 
preferably 20 to 200 micrometers, more preferably 25 to 100 micrometers and a specific surface area of 20 
to 1000 m 2 /g, preferably 50 to 500 m 2 /g, specially preferably 100 to 300m 2 /g. 
so The catalyst used to pre-polymerize an olefin in the presence of the solid catalyst component prior to 
the main polymerization of an olefin is formed from the catalyst components (A) and (B). The pre- 
polymerization is in particular carried out by polymerizing 0.05 to 30 g, preferably 0.1 to 20 g, more 
preferably 0.2 to 10 g, of the olefin per gram of the solid catalyst component formed from the catalyst 
components (A) and (B). Examples of the olefin are ethylene, and alpha-olefins having 3 to 20 carbon atoms 
55 such as propylene, 1-but ne, 4-methyM-pentene, 1-hexene, 1-octene, 1-decene. 1-dodecene and 1- 
tetradec ne. Ethylene is especially preferred. 

The pre-polymerization is preferably carried out (1) in the absence of a solvent, or (2) in an inert 
hydrocarbon medium. The mole ratio of the aluminum atom of the catalyst component (B) to the transition 
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metal atom of the catalyst component (A) (Al/transStion metal atom) in the pre-polymerization treatment is 
part.cu.arly from 1 to 1000, preferably from 10 to 700, more preferably from 15 to 500 The pre 

iTrlZo'cTsoT ^ fr ° m PartiCU ' ar,y " 2 ° ' C t0 70 * C ' Preferab ' y - 1 ° ' C to 60 ™e 
The pre-polymerization treatment may be carried out batchwise or continuously under reduced 
atmospheric or elevated pressure. A molecular weight controlling agent such as hydrogen may be preseni 
haSToan"^ ,ymenZa,i0n ,^ r 0 "" 1, h0WeVer ' iS Pre,6rab,y ,imited t0 ,hose value * in which a p,epo yme 
Sn be produced' " mea$Ufed deCa ' in * 135 ' °' ° f * ' eaSt 0 2 d " 9 ' P referabl * 0-5 to 20 dl/g! 

Investigations of the present inventors have shown that when a porous inorganic oxide treated with a 
compound selected from organometallic compounds, halogen-containing silicon compounds and a.uminox 
anes s used as a earner for the solid catalyst component (A) in a catalyst comprising component (A) and 

SlJES^ . Prep0lymeri2ati0n tre « *• resulting catalyst shots excellent activ y 
without subjecting it to prepolymerization treatment. 

Accordingly, in another aspect the invention provides a process for preparing an alpha-olefin polymer 
which comprises homopolymerizing or copolymerizing an alpha-olefin in the presence of a catalyst 
comprising ' 

(A) a solid catalyst component obtainable by supporting a compound of a transition metal compound of 
the formula I) as previously defined on a porous inorganic oxide treated with a compound selected from 
organometall.c compounds, halogen-containing silicon compounds and aluminoxanes and 

(B) an aluminoxane. 

The porous inorganic oxide carrier to be treated may be any of those exemplified hereinabove 
hereLa e bo!e 9an0meta " iC C ° mP ° UndS 35 the treatin 9 agent may be the same as those exemplified 
In the treatment, the mixing ratio of the organometallic compound to the carrier, as the ratio of the 

nrl«°N% 0r 9 an0m ? a,lic com P° und to th * grams of the carrier, is in particular from 0.5 to 50 
preferably from 1 to 30, preferably from 1 .5 to 20. 

r™™ 6 tf f a ^f nt ° f T P ° r0US in0r9ani ° ° Xide Carrier with the organometallic compound in the catalyst 
component A) may be carried out by dispersing the carrier in an inart solvent, adding at least one 
organometalhc compound mentioned above, and maintaining the mixture at a temperature of 0 to 120 'C 

E2It , h °° ' °' m ° re Preferab,y 20 t0 90 " C " f ° r 3 Peri0d ° f 10 minutes to 10 »«». P-ferab'y 20 

ZZV ' m ° re Preferab ' y 30 minUt6S 10 3 h0urs ' under atmospheric, reduced or elevated 

prsssur©. 

Examples of the inert solvent are aromatic hydrocarbons such as benzane. toluene and xylene, aliphatic 
hydrocarbon such as pentane, hexane and isooctane. and alicyclic hydrocabons such as cyciohexane 

nr»<~l> r^n-a f T**™ ™™ Com P° und te su PP° rt e d in a proportion of 3x10-3 , 0 3 mg-atom 
* J 5X10 3 ^ 2 mg-atom. more preferably 1x10- to 1 mg-atom. as the transition metal atom, per 
gram of the porous morganic oxide carrier treated with the organometallic compound 

The supporting of the transition metal compound may be carried out by, for example, adding the porous 
morganic ox.de carrier treated with the organometallic compound and the transition metal compound in an 
.nert hydrocarbon medium, and working up the mixture in the following manner 

c mi ^ h llT ti " 9 h temperat , Ure iS USua,ly 0 ,0 100 #C - P re,erab, V 20 to 90 -C. and the reating time is usually 
fsTmtJ h h f °r S ; Pre y 10 minUteS t0 2 hOUfS - Aft6r the SU PP 0rtin 9' the inert hydrocarbon medium 
component. °' eVaP ° rated atmos P heric ot reduced assure to give a solid catalyst 

rnr7£^' T ha '° 9en - c , ontaininQ silicon compound as the treating agent is, for example, a compound 
represented by the following formula (IV) K 

SiY d R* (OR*)^ (IV) 

wherein Y represents a chlorine or bromine atom. R* and R 6 , independently from each other represent an 

d^nTmberT? / 1 ^ * ^ ^ " * <* M * havinQ 3 to ™ carbTatoms 

d .s a number o 1 to 4. and e .s a number of 0 to 4, provided that the total of d and e is a number of 1 to 4 

silicon TK? 8 -? thi f h c °7 0undinclud e silicon tetrachloride, silicon tetrabnomide. silicon trichloride, methyl- 
shcon tr.chlor.de. ethylsil.con trichloride, propylsilicon trichloride, phenylsilicon trichloride, cyclohexylsilicon 

SySon r h rH r ° mide ; h ethy, f iliCOn ,ribr0mide " dimet "V.silicon dichloride. methyisi.icon dich^de 
phenylsilicon dichlor.de, methoxysil.con trichloride, ethoxysilicon trichloride, propoxysilicone trichloride 
phenoxys...con trichloride, ethoxysilicon tribromide. methoxysi.icon dichbride. methoxysilicon Sonde: 
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and silanol trichloride. They may be used singly or in combination. Among them, silicon tetrachloride, 
silicon trichloride and methylsilicon trichloride are preferred. 

The mixing ratio of the halogen-containing siQicon compound and the porous inorganic oxide the above 
treatment is such that the proportion of the halogen-containing silicon compound is 0.001 to 10 moles, 
5 preferably 0.01 to 5 moles, more preferably 0.05 to 1 mole, per gram of the carrier compound. Preferably, 
after the treatment, the liquid portion containing the excess of the halogen-containing silane compound, for 
example is removed from the reaction mixture by filtration, decantation a the like. 

In the preparation of the catalyst component (A'), the treatment of the porous inorganic oxide .carrier 
with the halogen-containing silicon compound is carried out at a temperature of -50 to 200 * C, preferably 0 
10 to 100 # C, more preferably 20 to 70 'C, for a period of 10 minutes to 10 hours, preferably 20 minutes to 5 
hours, under atmospheric, reduced or elevated pressure. 

In the above treatment, an inert solvent may be used. Examples of the inert solvent are aromatic 
hydrocarbons such as benzene, toluene and xylene, aliphatic hydrocarbons such as pentane, hexane, 
isooctane, decane and dodecane, alicyclic hydrocarbons such as cyclohexane, and halogenated hydrocar- 
75 bons such as chlorobenzene and ethylene dichloride. 

In the preparation of the catalyst component (A'), if the Group IV3 transition metal compound to be 
supported on the porous inorganic oxide carrier treated with the halogen-containing silane compound in the 
catalyst component (A') is liquid, it is not necessary to use an inert solvent. When the transition metal 
compound is a normally solid substance, it is generally preferred to use an inert solvent capable of 
20 dissolving the transition metal compound. 

The inert solvent that can be used at this time may be the same as those exemplified hereinabove with 
regard to the treatment of the porous inorganic oxide carrier. Aromatic hydrocarbons such as benzene and 
toluene and halogenated hydrocarbons such as chlorobenzene are especially preferred. 

The amount of the transition metal compound used in the above supporting reaction is preferably 0.001 
25 to 500 miliimoles, preferably 0.01 to 100 millimoles, especcally preferably 0.1 to 50 millimoles,. per gram of 
the porous inorganic oxide carrier treated with the halogen-containing silane compound. 

The amount of the inert solvent used in the above supporting reaction is 0.5 to 1000 ml, preferably 1 to 
100 ml, especially preferably 2 to 50 ml, per gram of the porous inorganic oxide carrier treated with the 
halogen-containng silane compound. 
30 The above supporting reaction may be carried out by contacting and mixing the transition metal 
compound with the porous inorganic oxide carrier treated with the halogen-containing silane compound at a 
temperature of 0 to 200 # C, preferably 0 to 100 'C, especially 20 to 80 # C, for 1 minute to 10 hours, 5 
minutes to 5 hours, or 10 minutes to 3 hours. « 

After the supporting reaction is carried out by the above method, the liquid portion of the reaction 
35 mixture is removed by, for example, filtration or decantation, and preferably the residue is washed several 
times with an inert solvent. 

The solid catalyst component (A') prepared by the above me:hod contains the transition metal 
compound in an amount of usually 0.005 to 5 millimoles, preferably 0.01 to 1 millimoie, especially 
preferably 0.03 to 0.3 millimoie, per gram of the component (A*). 
40 Examples of the aluminoxanes as the treating agent may be the same as those exemplified above as 
the catalyst component (B). 

In the treatment of the porous inorganic oxide carrier with the aluminoxane, the mixing ratio of both is in 
particular such that the proportion of the aluminoxane is 0.001 to 100 millimoles, preferably 0.01 to 10 
millimoles, preferably 0.05 to 5 millimoles, per gram of the carrier compound. Preferably, the liquid portion 
45 containing the excess of the aluminoxane after the above treatment is removed from the reaction mixture by 
such a method as filtration or decantation. 

The treatment of the porous inorganic oxide carrier with the aluminoxane in the preparation of the 
catalyst component (A*) may be carried out at a temperature of -50 to 200 *C, preferably 0 to 100 
more preferably 20 to 70 * C under atmospheric, reduced or elevated pressure for a period of 1 0 minutes to 
50 10 hours, preferably 20 minutes to 5 hours. 

The above treatment is preferably carried out in an inert solvent. Examples of the inert solvent may 
include aromatic hydrocarbons such as benzene, toluene and xylene, aliphatic hydrocarbons such as 
pentane, hexane, isooctane, decane and dodecane, alicyclic hydrocarbons such as cyclohexane and 
halogenated hydrocarbons such as chlorobenzene and thylene dichloride. Of these, the aromatic hydrocar- 
55 bons are preferred. 

When the Group IVB transition m tal compound is liquid in deposit ng it on the porous inorganic oxide 
carrier treated with the aluminoxane, an inert solvent may or may not be used. When the transition metal 
compound is a normally solid substance, it is generally preferred to use an inert solvent capable of 
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dissolving the transition metal compound. 

The inert solvent that can be used at this time may be the same as those used in treating the porous 
inorganic ox.de carrier with the aluminoxane. Aromatic hydrocarbons such as benzene and toluene and 
halogenated hydrocarbons such as chlorobenzene are especially preferred. 
5 The amount of the transition metal compound used in the above supporting reaction is in particular 
0.001 to 10 millimoles, preferably 0.005 to 5 millimoles, especially preferably 0.01 to 1 millimole, per gram 
of the porous inorganic oxide carrier treated with the aluminoxane. 

The amount of the inert solvent, the reaction temperature, the reaction time and the after-treatment used 
in the above supporting reaction may be the same as those described above with regard to the porous 
70 inorgnaic oxide carrier treated with the halogen-containing silicon compound. 

The solid catalyst component (A*) prepared by the above methcd contains the transition metal 
compound in an amount of usually 0.005 to 5 millimoles, preferably 0.01 to 1 millimole, especially 
preferably 0.03 to 0.3 millimole, per gram of the component (A'). 

The catalysts comprising the solid catalyst component (A*) prepared as above and the aluminoxane (B) 
can be used advantageously in the homopolymerization or copolymerization of alpha-olefins: and are 
particularly effective for the production of an ethylene polymer and a copolymer of ethylene and an alpha- 
olefin. Examples of the olefins that can be used in this invention are ethylsne and alpha-olefins having 3 to 
20 carbon atoms such as 1-butene, 1-hexene, 4-methyM-pentene, 1-octene, 1-decene, 1-dodecene, 1- 
tetradecene, 1-hexadecene, 1-octadecene and 1-eicosene. 

In the process of this invention, olefin polymerization is usually carried out in the vapor phase or the 
liquid phase, for example in slurry. In the slurry polymerization, an inert hydrocarbon may be used as a 
solvent, or an olefin itself may be used as the solvent. 

Specific examples of the hydrocarbon medium include aliphatic hydrocarbons such as butane 
isobutane, pentane, hexane, octane, decane, dodecane, hexadecane and octadecane; alicyclic hydrocarbons 
such as cyclopentane, methylcyclopentane, cyclohexane and cyclooctane; aromatic hydrocarbons such as 
benzene, toluene and xylene; and petroleum fractions such as gasoline, kerosene and light oil. Of these, the 
aliphatic hydrocarbons, alicyclic hydrocarbons and petroleum fractions are preferred. 

In carrying out slurry polymerization in the process of this invention, the polymerization temperature is 
usually -50 to 120 • C, preferably 0 to 100 * C. 

In carrying out the process of this invention by a slurry or vapor-phase polymerization technique the 
proportion of the transition metal compound is usuallly 10" 8 to 10~ 2 gram-ctom/liter, preferably 10" 7 to 10~3 
gram-atom/liter, as the concentration of the transition metal atom in the polymerization reaction system. 

In the main polymerization reaction, the aluminoxane may, or may lot, be used additionally. But to 
obtain a polymer having excellent powder characteristics, it is preferred not to use the aluminoxane 
35 additionally. 

The polymerization pressure is usually atmospheric pressure to an elevated pressure of 9 8 MPa (100 
kg/cm*), preferably 0.2 1o 4.9 MPa (2 to 50 kg/cm 2 ). The polymerization may be carried out batchwise 
semi-continuously or continuously. 

The polymerization may also be carried out in two or more steps in which the reaction conditions are 
40 different. 

When a slurry polymerization technique or a vapor-phase polymerization technique is employed in the 
polymerization of olefins, particularly the polymerization of ethylene or the polymerization of ethylene with 
an alpha-olefin, no polymer adhesion to the reactor occurs, and a polymer having excellent powder 
characteristics and a narrow molecular distribution can be obtained. In particular, when the process of this 
invention is applied to the copolymerization of two or more olefins, an olefin copolymer having a narrow 
molecular weight distribution and a narrow composition distribution can be obtained. 
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EXAMPLES 

so The following examples specifically illustrate the process of this invention. 

In Examples and Comparative Examples, MFR was measured at a temperature of 190 *C under a load 
of 2.16 kg. The Mw/Mn was measured by the folilowing procedure in accordance with "Gel Permeation 
Chromatography", written by Takeuchi, and published by Maruzen Co., Ltd. 

(1) Using standard polystyrene having a known molecular weight (monodisperse polystyrene produced 
55 by Toyo Soda Co., Ltd.), molecular weight M and its GPC (gel permeation chromatography) count are 

measured, and a calibration curve of the molecular weight M and EV (elution volume) is pr pared. The 
concentration at this time is set at 0.02 % by weight. 

(2) A GPC chromatograph of the sample is taken by GPC measurement. On the basis of (1) above, the 
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number average molecular weight ffln and the weight average molecular weight Kfw of the sample are 
calculated for polystyrene, and the Ww/Wn is determined. The sample preparation conditions and the 
GPC measurement conditions are as follows:- 

Sample Preparation 

(a) The sample and o-dichlorobenzene as a solvent are taken into an Erlenmeyer flask so that the 
concentration of the sample is 0.1 % by weight. 

(b) The Erlenmeyer flask is heated at 140 *C and the mixture is stirred for about 30 minutes to dissolve 
the sample. 

(c) A filtrate of the solution is subjected to GPC. 
GPC Measurement Conditions 

GPC was performed under the following conditions. 

(a) Device: 150C-ALC/GPC made by Waters Co. 

(b) Column: GMH type made by Toyo Soda Co., Ltd. 

(c) Amount of the sample: 400 microliters 

(d) Temperature: 140 # C. 

(e) Flow rate: 1 ml/min. 

The amount of an n-decane-soluble portion of the copolymer (as the amount of the soluble portion is 
smaller, the composition distribution of the copolymer is narrower) is maasured by adding about 3 g of the 
copolymer to 450 ml of n-decane. dissolving it at 145 *C, gradually cooling the solution to 23 -C, removing 
the n-decane-insoluble portion by filtration, and recovering the n-decane-soluble portion from the filtrate. 

Example 1 

Preparation of aluminoxane 

A 400 ml fully nitrogen-purged flask was charged with 37 g of AI 2 (S04) 3 .14H 2 0 and 125 ml of toluene. 
The flask was cooled to 0 'C, and 500 millimoles of trimethylaluminum diluted with 125 ml of toluene. The 
mixture was then heated to 40 # C t and reacted at this temperature for 10 hours. After the reaction, the 
reaction mixture was subjected to solid-liquid separation by filtration. The toluene was removed from the 
filtrate to give 13 g of aluminoxane as a white solid. The molecular weight of the product, determined by 
freezing point depression in benzene, was 930. It had an average degree of polymerization of 16. 

Preparation of a zirconium catalyst 

2.3 g of calcined silica obtained by calcining silica (average particle diameter 70 urn, specific surface 
area 260 m 2 /g, pore volume 1.65 cm 3 /g) at 300 *C for 4 hours, 15 ml of a toluene solution (aluminum 1 
mole/liter) of dimethyl aluminum monochloride and 50 ml of toluene vere introduced into a 200 ml flask 
purged fully with nitrogen, and heated at 80 *C for 2 hours. The reaction mixture was subjected to solid- 
liquid separation by filtration. The solid portion was transferred into 50 ml of toluene, and 6.4 ml of a toluene 
solution (Zr 0.01 mole/liter) of biscyclopentadienyl zirconium chloride wes added. The mixture was stirred at 
room temperature for 2 hours. Then, 31 ml of a toluene solution (Al 1.03 moles/liter) of aluminoxane as 
catalyst component (B) was added, and the mixture was stirred at room temperature for 30 minutes. 
Subsequently, toluene was removed from the solution at room temperature by means of an evaporator to 
give a solid catalyst containing 0.14 % by weight of Zr and 22 % by weight of Al. The solid catalyst had an 
average particle diameter of 83 urn, and a specific surface area of 207 rn 2 /g. 

Preliminary Polymerization 

A gaseous mixture of ethylene and nitrogem (20 liters/hr and 30 liters/hr, respectively) was passed 
through the solid catalyst prepared as above for 30 minutes at room temperature to pre-polymerize 
ethylene. Ethylene polymerized in an amount of 0.62 g per gram of the solid catalyst. 

Main Polymerization 



13 



EP 0 279 863 B1 



One liter of hexane was introduced into a 2-liter stainless steel autoclave fully purged with nitrogen, and 
the temperature was raised to 45 • C. Then, the solid catalyst subjected to the preliminary polymerization 
was charged into the autoclave in an amount of 0.015 milligram-atom calculated as the zirconium atoms, 
and the temperature was raised to 60 ■ C. Subsequently, ethylene was introduced and the total pressure 

5 was set at 0.6 MPa Gauge (6 kg/cm 2 -G). Its polymerization was started, and then continued at 70 *C for 2 
hours while maintaining the total pressure at 0.6 MPa Gauge (6 kg/cm 2 -G) by supplying ethylene alone. 
After the polymerization, the polymer slurry was separated by filtration, and dried overnight at 80 • C. under 
reduced pressure. There was obtained 85.9 g of a polymer having an MFR of 0.03 g/10 min., an Tdw/Mn of 
2.65 and a bulk density of 0.36 g/cm 3 . No adhesion of the polymer to the wall of the autoclave was 

70 observed. 

Example 2 

Preparation of a zirconium catalyst 

75 

2.3 g of calcined silica obtained by calcining silica (average particle diameter 70 urn, specific surface 
area 260 m 2 /g, pore volume 1.65 cm 3 /g) at 300 *C for 4 hours, 4.8 ml of a toluene solution (Zr 0.01 
mole/liter) of biscyclopentadienyl zirconium dichloride and 30 ml of a toluene solution (Al 1.03 mole/liter) of 
the aluminoxane synthesized in Example 1 were introduced into a 200 ml fully nitrogen-purged flask. The 
20 mixture was stirred at room temperature for 30 minutes. Subsequently, the toluene was removed from the 
solution at room temperature by an evaporator to give a solid catalyst component containing 0.11 % by 
weight of Zr and 20 % by weight of Al. The solid catalyst had an average particle diameter of 78 urn and a 
specific surface area of 210 m 2 /g. 

25 Preliminary Polymerization 

A gaseous mixture of ethylene and nitrogen (20 liters/hr and 30 iiters/hr respectively) was passed at 
room temperature for 30 minutes through the solid catalyst obtained as above to pre-polymerize ethylene. 
Ethylene polymerized in an amount of 0.51 g per gram of the solid catalyst 

30 

Main Polymerization 

The same polymerization as in Example 1 was carried out to give 1025 g of a polymer having an MFR 
of 0.05 g/10 min., an Mw/Mn of 2.73 and a bulk density of 0.35 g/cm 3 . Nd adhesion of the polymer to the 
35 autoclave wall was observed. 

Example 3 

Preparation of a zirconium catalyst 

40 

A solid catalyst containing 0.22 % by weight of Zr and 21 % by weight of Al was obtained by repeating 
Example 2 except that 1.9 g of silica, 8.0 ml of a toluene solution (Zr 0.01 mole/liter) of biscyclop«entadienyl 
zirconium dicloride and 25 ml of a toluene solution (Al 1.03 mole/liter; of aluminoxane synthesized in 
Example 1 were used. The resulting solid catalyst had an average particle diameter of 78 urn and a specific 
45 surface area of 220 m 2 /g. 

Preliminary Polymerization 

Prepolymerization was carried out in the same way as in Example 1 to give a solid cataByst which 
50 catalyzed polymerization of 0.49 g of ethylene per giram thereof. 

Main Polymerization 

Example 1 was repeated to give 26.3 g of a polymer having an MFR of 0.02 g/10 min., an ffiw/ffin of 
55 2.80 and a bulk density of 0.37 g/cm 3 . No adhesion of the polymer to the wall of the autoclave was 
observed. 

Example 4 



14 



EP 0 279 863 B1 



75 



Preparation of a zirconium ca talyst 

5.8 g of calcined alumina obtained by calcining alumina (average particle diameter 60 urn specific 
surface area 290 m*/g. pore volume 1.05 ml/g) at 500 *C for 5 hours, 17 ml of a toluene solution (Al 1 
mole/liter) of dimethylaluminum monochloride and 50 ml of toluene were introduced into a 200 ml flask fullv 
purged with nitrogen, and heated at 80 'C for 2 hours. Then, the reaction mixture was subjected to solid 
liquid separate by filtration, and the solid portion was transferred into £0 ml of toluene. Furthermore 32 ml 
of a toluene solution (Zr 0.036 mole/liter) of biscyclopentadienyl zirconium chloride was added and the 
m.xture was heated at 80 'C for 1 hour. The reaction mixture was subjected to solid-liquid separation by 
Wtration to g.ve a solid catalyst containing 0.25 % by weight of Zr. The above solid portion had an average 
particle diameter of 69 urn and a specific surface area of 240 m 2 /g. 

Preliminary Polymerization 

The solid catalyst obtained as above (0.015 mg-atom as Zr). 4.S ml of a toluene solution (Al 1 03 
mole/liter) of the aluminoxane synthesized in Example 1 and 20 ml of toluene were stirred at room 
temperature for 30 minutes, and then toluene was removed at room temperature by an evaporator 

The resulting solid catalyst was subjected to preliminary polymerization in the same way as in Example 
1 . Ethylene polymerized in an amount of 0.32 g per gram of the solid catalyst. 

Main Polymerization 

Sodium chloride (special reagent grade, Wako Pure Chemicals. Co.. Ltd.; 250 g) was introduced into a 
2-l.ter stainless steel autoclave fully purged with nitrogen, and dried at 90 «C under reduced presure for 1 
hour. Thereafter, the inside of the autoclave was purged with ethylene, and the temperature was raised to 
75 C. Subsequently, all the catalyst subjected to preliminary polymerization was charged into the 
autodave, and ethyene was introduced. The total pressure was adjusted to 0.8 MPa gauge (6 kg/cm*-G) 
and the polymerization of ethylene was started. Thereafter, the polymerization was carried out at 80 'C for 
1 hour while maintaining the total pressure at 0.8 MPa gauge (8 kg/cn*-G) by supplying ethylene alone. 
After the polymerization, sodium chloride was removed by washing with water, and the remaining polymer 
was washed with hexane and then dried overnight at 80 «C under reduced pressure. There was obtained 
32.2 g of a polymer having an MFR of 0.10 g/10 min.. an fiiw/Mn of 2.79 and a bulk density of 0 40 q/cm* 
No adhesion of the polymer to the wall of the autoclave was observed. 

35 Example 5 

Main Polymerization " 
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Ethylene and 1-hexene were copolymerized under a total pressure of 0.7 MPa gauge (7 kq/cm^-G) 
using 900 ml of hexane and 100 ml of 1-hexene. Otherwise, Example 1 was repeated to give 110 q of a 
polymer having an MFR of 0.12 g/10 min., an Mw/K/in of 2.80, a bulk density of 0.34 g/cm3. a density of 
0.915 g/cm* and a weight fraction of a portion soluble in decane at room temperature of 0.25 % by weiqht 
Hardly any adhesion of the polymer to the wall of the autoclave was observed. 

« Comparative Example 1 

♦ h .!J 6 Cat f' ySt preparation and Polymerization were carried out in the same way as in Example 2 except 
mfr r!f nnno m Tn y POlymer ^ atio _ n W3S " 0t Carried out There was obtan * d 95.9 g of a polymer having an 

Z m ^ 9 5 T: 3,1 W/W " ° f 2 91 3nd 2 bu,k density of 0 07 9 /cm3 - Considerable adhesion of the 
so polymer to the wall of the autoclave was observed. 

Example 6 



55 



Preparation of a zirconium catalys t 

Z 'oJ °L calcined silica obtained b y calcini "9 silica (average particle diameter 70 urn. specific surface 
a ea 260 m* g. pore volume 1.65 cm'/g) at 300 'C for 4 hours. 15 ml of a toluene solution (AT 1 mole/liter) 
of dim thylalummum monochloride. and 50 ml of toluene were introduced into a 200 ml fully nitrogen- 
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purged flask and heated at 80 'C for 2 hours. Subsequently, the reaction mixture was subjected to solid- 
qu.d separate by Mtration. and the solid portion ws transferred into 50 ml of toluene. The 6 4 m ° a 
toluene so.ut.on (0.01 moles-Zr/liter of solution) of bis(cyc.opentadieny.)zirconium dich.oride was added The 

S Sinn Th rn V°° m tempera,Ure ,or 2 hours ™« then subjec:ed to solid-liquid separation by 
5 f, trat on. The solid portion was suspended in 100 m. of n-decane. Whi.e t.e suspension was stirred 31 ml 
J. . Wuene so.ut.on (2.3 mo.es-A./liter of solution) of a.uminoxane was added. The mixture was warmed To 

2 p£ th ? feSSUre inSide ° f the feaCt0r waS reduced ,0 0 5 kPa < 4 torr) to evaporate the 

° U : e nf The ri reacfon suspension was filtered at -20 'C. The solid portion was collected and suspended in 

» surface area S£ X " "** " ^ ^ °* 78 3 " d 3 S » eci « c 

Preliminary Polymerization 

A 400 ml reactor equipped with a stirrer was charged with 100 ml cf purified n-decane and 0 1 mq- 
rs atom as Zr of the above solid catalyst in an atmosphere of nitrogen, and then ethylene was fed into the 
eactor for 1 hour at a rate of 4 Nl/hour. During this time, the temperature was maintained at 20 'C After 
the feeding of ethylene, the inside of the reactor was purged with nitrogen, and the reaction mixture was 
washed once with purified hexane, and suspended in hexane. The catalyst was thus stored in a catalyst 

20 

Main polymerization 

„„, S w t m t C * ride aS a aidant was added in an amount of 250 g/cm3 to a 2-liter autoclave purged 
ful y with nitrogen, and wh.le the autoclave was heated at 90 'C. pressure reduction treatment was carried 
25 out for 2 hours using a vacuum pump so that the pressure of the inside of the autoclave was below 6 7 kPa 
(50 mmHg). Then, the temperature of the autoclave was lowered to 75 'C. and the inside of the autoclave 
was P^ged with ethylene. The solid catalyst component subjected to prepolymerization was added in an 
amount of 0.007 m.ll.mole as Zr. and the autoclave was sealed up. Hydrogen (50 Nml) was added and 
ethylene was introduced so that the inside pressure of the autoclave readied 0.8 MPa gauge (8 0 kq/cm*- 
G). The stirring speed was raised to 300 rpm, and the polymerization was carried out at 80 • C for 1 hour 
• . A ; er ^ e P o| y meri2ation . a" the polymer and sodium chloride in the autoclave were taken out and fed 
into about 1 liter of water. By stirring for about 5 minutes, almost all sodium chloride dissolved in water and 

2 US T f hT J' 031 ° n W3,er SUrfaCe " The ,,0atin9 P0 'y mer was recove red. washed thoroughly 
with methanol, and dried overnight at 80 «C under reduced pressure. Th 3 amount of the polymer yielded 
was 1062 g/cm . .« had an MFR of 2.1 dg/min. and an apparent bulk densty of 0.46 g/ml. The amount of a 
fine powdery polymer having a particle size of less than 105 urn was 0.1 •/. by weight of the total amount of 
the po^menzatjon product. On the other hand, no coarse polymer having a size of more than 1120 urn was 
seen to form. The Mw/Mn, determined by GPC measurement, was 3.0. 

Comparative Exa mple 2 

Catalyst preparation and polymerization were carried out in the same way as in Example 6 except that 
no preliminary polymerization as in Example 6 was carried out. There was obtained 63.3 g of a polymer 
having an MFR of 3.6 dg/min. and an apparent density of 0.28 g/ml. The anount of a fine powdery polymer 

ProTct S ' Ze th3n Um ^ 7 6 % bV " ei9ht b3Sed 00 ,he t0ta ' am0unt of the PO^erization 

Example 7 

Preparation of a zirconium catalyst 

67 ml of a toluene solution containing 100 miHimoles. as the Al atoms, of the aluminoxane and 2 g of a 
polyethylene powder having an average particle diameter of 35 um (MIPE=tON®. a trademark for a product 
o Mrtsu. Petrochem.ca. Industries. Ltd.) were charged into a 300 ml pressure-reducible reactor equipped 
7 J !!; St,rnn9 34 r °° m tem P era,ur e. 100 ml of purified n-decane was added over the course 

Irw : whereupon the aluminoxane was precipitated. Then, the temperature of the inside of the 

SSSiTf JS tf over T e course of ab0lJt 3 hours while the pressure ot the inside 0f the react - 

was reduced to 4 torr by means of a vacuum pump. Consequently, the toluene in the reactor was removed. 
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and the alum.noxane was further precipitated. The reaction solution was filtered by a filter and the liquid 
portfon was removed. The solid portion was suspended in n-decane, and 5 ml of a toluene solution 
containing 0.2 mill.mole of bis(cyclopentadienyl) 2 irconium chloride was added. They were miixed at room 
temperature for about 1 hour.and the liquid portion was removed by a filter. Thus, a solid catalyst for olefin 

5 polymerization was formed. 

The Zr content of the resulting solid catalyst was 9 millimoles per 100 g of the polyethylene used as a 
earner, and its Al content was 2.0 moles per 100 g of the polyethylene carrier. The average catalyst particle 
diameter of the catalyst determiend by microscopic observation was about 40 urn. and it had a specific 
surface area of 143 mVg. Prepolymerization and vapor-phase polymerization of ethylene were carried out 

w by the same operations as in Example 6. There was obtained 128.2 g of a polymer having an MFR of 1 6 
dg/m«n. and an apparent bulk density of 0.46 g/ml. The amount of a fine powdery polymer having a particle 
diameter of less than 105 urn was 0.1 % by weight based on the total amount of the polymerization 
product. The Mw/Mn determined by GPC measurement was 2.6. 

is Example 8 

A solid catalyst was prepared in the same way as in Example 7 except that 2 liters of spherical 
polystyrene particles having a particle diameter of about 30 urn (#200 to #400, a product of Eastman Kodak 
Co.) was used instead of the polethylene carrier. Preliminary polymerization and vapor-phase polymerizaton 
of ethylene were carried out as in Example 7. The resulting solid catalyst had an average particle diameter 
of 35 urn and a specific surface area of 143 m 2 /g. As a result, there was obtained 110 6 g of a polymer 
having an MFR of 3.6 dg/min. and an apparent bulk density of 0.44 g/ml. The amount of a fine powdery 
polymer having a particle diameter of less than 105 urn was 0.2 % by weight based on the total amount of 
the polymerization product. 
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Example 9 

Preparation of a solid catalyst (zirconium cataly st) 

5.2 g of calcined silica obtained by calcining silica (average particle diameter 70 urn, specific surface 
area 260 m'/g, pore volume 1.65 em'/g) at 700 "C for 5 hours, 26 ml of a toluene solution (Al 1 mole/liter) 
of diethylaluminum monochloride and 50 ml of toluene were introduced into a 200 ml flask fully purqed with 
nitrogen, and heated at 80 'C for 2 hours. The reaction mixture was then subjected to solid-liquid 
separate by filtration to obtain a catalyst component. The catalyst component was transferred into 50 ml of 
toluene, and 43 ml of a toluene solution (Zr 0.04 mole/liter) of bis(cyclopentadienyl)zirconiurn chloride as 
another catalyst component was added, and the mixture was heated at 80 'C for 1 hour The reaction 
mixture was subjected to solid-liquid separation by filtration to obtain a solid catalyst component (A') having 
0.012 mg-atom and 1.12 mg-atom of Al supported per gram of silica. The solid catalyst component (A 1 ) in 
an amount of 0.015 mg-atom, as Zr. was added to 4.9 ml of a toluene solution (Al 1.03 moles/liter) of 
aluminoxane as catalyst component (B) and 20 ml of toluene, and the mixture was stirred at room 
temperature for 30 minutes. Then, the toluene was removed from the mixture by an evaporator to qive a 
solid catalyst containing 0.08 % by weight of Zr and 10 % by weight of Al. 

Polymerization 

250 g of sodium chloride (special reagent grade. Wako Pure Chemcal Co., Ltd.) was introduced into a 
2-l.ter stainless steel autoclave fully purged with nitrogen, and dried at 90 'C for 1 hour under reduced 
presure. Thereafter, the inside of the autoclave was purged with ethylene, and the temperature was adjusted 
to 75 -C. Subsequently, all the catalyst prepared as above was introduced. Ethylene was introduced, and 
under a total pressure of 0.8 MPa gauge (8 kg/cm^-G). its polymerization was started. Thereafter, only 
ethylene was supplied, and the polymerization was carried out at 80 -C for 1 hour while the total pressure 
was maintained at 0.8 MPa gauge (8 kg/cm*-G). After the polymerization, sodium chloride was removd by 
washing with water. The remaining polymer was washed with hexane. and dried overnight at 80 *C under 
reduced pressure. There was obtained 72 g of a polymer having an' MFR of 0.07 g/10 min.. an Mw/Mn of 
2M and a bulk density of 0.36 g/cm*. No adihesion of the polymer to the wall of the autoclave was 
observed. 

Example 10 
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Preparation of a solid catalyst component (zirconium catalyst) 
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mole/liter) of dimethylaluminum monochloride and I SO mi m ° f 3 t0 ' Uene SOlution < AI 1 

fu..y with nitrogen, and the mi xtur! °waL heated al 8 0 '0 ^3 ^ t0 J 2 °° PUr9ed 
subjected to solid-liquid separation bv filtration tULiih J 6 re3Ct,0n m,xture was then 

32 ml of a toluene solution (^To36 ZXe^T T ? IT tr3nSferred int ° 50 m ' 0< ,0,uene ' a "<* 
mixture was heated at n'C^T^^^ C ST M ^ , ^ W3S 3<jded The 

filtration to obtain a solid coJ^Z^gl ^Z^tTslT^ by 
with aluminoxane in the same wa y as in Exam^.e . to ^7^^^^™™^ 

Polymerization 

abov^cS^ ^ °™ as 2 r atom, of the 

2.77 and a ^denrtToTSfSS No' adhesion oT^T" fl "° ^ an Mn 0f 

observed. 9 ' adnes,on of the polymer to the wall of the autoclave was 

Example 11 

Preparation o f a solid catalyst component (zirconium catalyst) 

a j^ 9 ^r~ 8 °rr m 4» r s^tra; rrr ?o r s — 

of dimethylaluminum monochloride and >n 15 ml of a toluene solution (Al 1 mole/liter) 

nitrogen, and heated aTao ' c ^ 2 hours The rlacSn" T * 2 °° ml " aSk ^ ^ 

filtration. The solid portion waiLsS Jnio ZnZT™ ™ bjeCted t0 30lid-li Q uid separation by 
mole/liter, of bis(cydopentadien ^2 31^ T " 3 t0 ' Uene SOlUfen < Zr 0 01 

ture for 2 hours. Then. 31 m. of a toluenT so ul (AM 0 TLm^TLZ ^ * ^ ,emPera " 
Example 9 was added and the mivw c i . mole/liter) ol the aluminoxane synthesized in 

mixture was worked up as in E^Tg to ZeT^ n'T * 3 ° The reaction 

% by weight of Al. P 9 3 S °' ,d tlt3n ' um contain,n 9 014 % b V weight of Zr and 22 

Polymerization 
Comparative Examp le 3 

-P, f except that 

an mfr of W2 g/10 min.. an Riw/Mn of 2.89 and a bulk density of oTs g/ S ' ^ 
The sohd catalyst used in the po.ymerization contained 0.35 % by weight of Zr and 35 % by weight of 



Al. 

so Example 12 
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Preparation of a solid catalyst component (zirconium catalyst) 
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Polymerization 

Polymerization was carried out in the same way as in Example 9 except that 15 milligram-atom, as 
aluminum atom, of aluminoxane, and 0.015 milligram-atom, as zirconium atom, of the solid catalyst 
component prepared above were introduced, and furthermore, 50 ml of hydrogen was added. There was 
obtained 69 g of a polymer having an MFR of 24 g/10 min., an JvJw/ffln of 2.70 and a bulk density of 0.31 
g/cm 3 . 

Adhesion of the polymer to the autoclave wall! was hardly observed. 
Example 13 

Preparation of a solid catalyst component (Zr catalyst) 

Example 12 was repeated except that diethyl aluminum monochloride was used instead of triethyl 
aluminum. A solid catalyst component having 5.7 x 10~ 3 milligram-atom of zirconium supported on it per 
gram of silica was obtained. 

Polymerization 

Polymerization was carried out as in Example 12 to give 71 g of a Dolymer having an MFR of 9.5 g/10 
min. ( an ffiw/Mn of 2.59 and a bulk density of 0.34 g/cm 3 . Adhesion of the polymer to the autoclave wall was 
hardly observed. 

Example 14 

Polymerization 

Example 9 was repeated except that 10 ml of hexene-1 was added, and the polymerization was carried 
out at 70 *C for 0.5 hour. There was obtained 42 g of a polymer having an MRF of 2.05 g/10 min., an 
Mw/Mn of 2.84, a bulk density of 0.31 g/cm 3 , a density of 0.926 g/cm 3 and a weight fraction of a decane- 
soluble portion of 0.15 % by weight. 

Adhesion of the polymer to the autoclave wall! was hardly observed. 

Example 15 

Preparation of a solid catalyst component [A] 

In a 400 ml glass flask equipped with a stirrer and fully purged with nitrogen, a mixed suspension 
composed of 3 g of silica (#952 made by Davison Co.) calcined for 12 hours at 300 *C and 50 ml of 
trichlorosilane was reacted at 50 • C for 2 houirs with stirring. After the reaction, the liquid portion was 
removed from the reaction mixture by using a filter, and the remaining solid portion was suspended in 50 ml 
of toluene. To the suspension was added 300 ml of toluene containing 15 millimoles of bis- 
(cyclopentadienyl)zirconium dichloride at 25 # C. The mixture was reacted at 50 • C for 2 hours with stirring. 
After the reaction, the liquid portion was removed! from the suspension by using a filter. The remaining solid 
portion was washed twice with toluene to give a solid catalyst component (A). The amount of zirconium 
supported on the catalyst component (A) was 1.4 % by weight. 

Polymerization 

Sodium chloride (250 g) as a dispersant was added to a 2-liter autoclave fully purged with nitrogen. 
While the autoclave was heated to 90 'C, the. inside of the autoclave was subjected to a pressure reduction 
treatment for 2 hours using a vacuum pump so that the inside pressure of the autoclave became 6.7 kPa 
(50 mmHg) or below. The temperature of the autoclave was then lowered to 75 ■ C, and the inside of the 
autoclave was replaced by thylene. Then, 0.13 millimole of aluminoxane was added, and the mixture was 
stirred for 2 minutes at a rotating speed of 50 rpm. Thereafter, 0.87 millimole of aluminoxane and 0.015 
millimole, as zirconium atom, of the solid catalyst component were added, and the autoclave was sealed up. 
Hydrogen (20 Nml) was added and the autoclave was pressurized with athylene so that the pressure of the 
inside of the autoclave reached 0.8 MPa gauge (8 kg/cm 2 -G). The stirring speed was increased to 300 rpm, 
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and the polymerization was carried out at 80 • C for 1 hour. 

After the polymerization, all the polymer and sodium chloride in the autoclave were taken out and put in 
about 1 liter of water. The mixture was stirred for about 5 minutes to dissolve almost all sodium chloride in 
water. As a result, only the polymer came afloat on the water surface. The floating polymer was recovered, 
5 fully washed with methanol, and dried overnight at 80 * C under reduced pressure. The amount of the 
polymer yielded was 48.3 g, and the polymer had an MFR of 13 and an apparent bulk density of 0.42 g/ml. 
A fine powdery polymer having a size of not more than 105 micrometers and a coarse polymer having a 
size of at least 1 120 micrometers were not observed. The polymer had an Mw/Mn of 2.7. 

10 Examples 16 to 19 

Ethylene was polymerized in the same way as in Example 15 except that each of the silane compounds 
indicated in Table 1 was used instead of the trichlorosilane used in preparing the solid catalyst component 
in Example 15. The results are shown in Table 1. 

75 

Example 20 

A solid catalyst component was prepared, and ethylene was polymerized, as in Example 15 except that 
the amount of trichlorosilane used to treat silica was changed from 50 ml to 10 ml in the preparation of the 
20 solid catalyst component in Example 15. The results are shown in Table 2. 

Example 21 

A solid catalyst component was prepared, and ethylene was polymerized, as in Example 20 except that 
25 the amount of bis(cyclopentadienyl)zirconium diclhloride used in the preparation of the solid catalyst 
component in Example 20 was changed from 15 millimoles to 3 millimoles, and the amount of toluene at 
this time was changed from 300 ml to 60 ml. The results are shown in Table 2. 

Example 22 

Ethylene was polymerized as in Example 15 except that chlorinated aluminoxane was used instead of 
the aluminoxane used at the time of polymerization in Example 15. The results are shown in Table 2. The 
chlorinated aluminoxane was prepared by the following method. 

35 Aluminoxane-lll 

This compound was synthesized as in the synthesis of aluminoxane-l except that in the synthesis of 
aluminoxane-l, the amount of trimethyl aluminum was changed from 50 ml to 24.7 ml and 25.3 ml of 
dimethyl aluminum chloride was simultaneously added dropwise. The aluminoxane had an average degree 
40 of polymerization of 12. 

Example 23 

Polymerization was carried out in the same way as in Example 15 except that in Example 15, a gaseous 
45 mixture of butene-1 and ethylene containing 9.5 mole % of butene-1 was used instead of ethylene alone, 
and the polymerization temperature was changed from 80 * C to 70 * C. The results are shown in Table 3. 

Comparative Example 4 

so An MgCI 2 -supported Ti catalyst component prepared in accordance with the method of Example 1 of 
Japanese Laid-Open Patent Publication No. 811/1981 was used. Polymerization was carried out in the same 
way as in Example 15 except that aluminoxane described under the headhg Polymerization in Example 15 
was replaced by triethyl aluminum, and the same gaseous mixture of butene-1 and ethylene containing 9.5 
mole % of butene-1 as used in Example 23 was used, and the polymerization temperature was changed 

55 from 80 * C to 70 # C. The results are shown in Table 3. 
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Synthesis of aluminoxane 
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Aluminoxane-I:- 



AI 2 (SO t )3 4H 2 0 (37 g) and 125 ml of toluene were put in a 400 ml glass flask equipped with a stirrer 
and purged fully with nitrogen, and cooled to 0 Then. 125 ml of toluene containing 50 ml of .Lethy 
aluminum was added dropwise over 1 hour. The mixture was heated to 40 • C over 2 hours and the «S ion 
was continued at this temperature for 10 hours. After the reaction, the reaction mixture was subjected to 
sol,d-l.qu.d separation by nitration. Low-boiling materials were removed from the separated liquid by means 

Thrrr^i °' Uene ^ added t0 ,hS remainin9 viscous the toluene solution was collected 

The resulting aluminoxane had a molecular weight, determined from its freezing point depression in 
benzene, of 885 and an average degree of polymerization of 15. oepress.on m 

Aluminoxane-ll:- 

,n h The '/T! 513 0, T a ' uminoxane - 1 was re P^ted except that the reaction time at 40 'C was changed from 
10 hours to 2 hours. The resulting aluminoxane had a degree of polymerization of 6. 

Preparation of a solid catalyst component (Z r catalyst) 

In a 400 ml glass flask equipped with a stirrer and purged fully with nitrogen, a solution of 2 millimoles 
of alurmnoxane (I) m 50 ml of toluene was added at room temperature to a suspension composed of 5 g of 
s.l.ca (#952 produced by Davison Co.) calcined at 800 'C for 12 hours and 100 ml of toluene. The mixture 
was heated to 50 ' C and reacted at 50 'C for 2 hours. After the reaction, the liquid portion was removed 
from the reaction m.xture by using a filter. The remaining solid portion was suspended in 100 ml of toluene 

^hlrTriSTp? 0 W3S fl ded 9 4 ml 0f toluene c ™ taini "9 ° 38 millimole of bis(cyclopentadieny.)zirconium 
dichlonde at 25 C. and the m.xture was reacted at 25 'C for 2 hours. After the reaction, the liquid portion 
was removed from the suspension by using a filter. The remaining solid portion was washed 1wice with 
toluene to g.ve a solid catalyst component. The catalyst component had 0.6 % by weight of zirconium 
supported on it. 

Polymerization 

Sodium chloride (250 g) as a dispersing agent was added to a 2-liter autoclave purged fully with 
nitrogen, and while the autoclave was heated at 90 'C. it was subjected to a pressure reduction treatment 
for 2 hours by means of a vacuum pump so that the inside pressure or the autoclave became 6 7 kPa (50 
mmHg) or below. The temperature of the autocalve was then lowered to 75 'C. and the inside of he 
autoclave was replaced by ethylene. 0.13 millimole of aluminoxane (aluminoxane-ll) was then added and 
he mixture was stirred at a speed of 50 rpm for 2 minutes. Thereafter. 0.87 millimole of aluminoxane 
(alummoxane-l) and 0.015 millimole. as zirconium atom, of the solid catalyst component were added The 
autoclave was sealed up. Hydrogen (20 Nml) was added and the inside of the autoclave was pressurized 

mmST 8 ^ ! Pr6SSUre b6Came 0 8 MPa 93u9e < 8 k 9 /cm2 - G >- The sti ™9 speed was 

increased to 300 rpm. and the polymerization was carried out at 80 ■ C for 1 hour 

After the polymerization, all the polymer and sodium chloride in the autoclave were taken out, and put in 

about 1 liter of water. The mixture was stirred for about 5 minutes to dissolve almost all the sodium chloride 

Only the polymer came afloat on the water surface. The floating polymer was recovered, washed fully with 

me hanol and dried overnight at 80 'C under reduced pressure. The amount of the polymer yielded was 

82.1 g. The polymer had an MFR of 7.9 and an apparent bulk density of 0.43 g/ml. The amount of a fine 

powdery polymer having a size of not more than 105 micrometers was 0.1 % by weight of the entire 

?hL y n er ^ atl °?.r dU f t ' A °° arSe P ° ,ymer havin9 3 Size of at ,east 1120 ^meters was not observed. 
I he Mw/Mn of the polymer was 2.7. The results are shown in Table 4. 

Example 25 

Fv^ f° l !? il catalyst u com P° nent *as prepared, and ethylene was polymerized, in the same way as in 
Example 24 except that in the preparation of the solid catalyst component in Example 24 the amount of 
aluminoxane used to treat silica was changed from 2 millimoles to 10 milimoles. The results are shown in 

Examples 26 and 27 
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A solid catalyst component (A) was prepared, and ethylene was polymerized, in the same way as in 
Example 24 except that in the preparation of the solid catalyst component in Example 24, the temperature 
at which the reaction of supporting cyclopentadienyl zirconium dichloride was carried out in the preparation 
of the solid catalyst component in Example 24 was changed to 50 and 80 * C respectively from 25 * C. The 
5 results are shown in Table 4. 

Example 28 

A solid catalyst component was prepared, and ethylene was polymerized, in the same way as in 
70 Example 24 except that in the preparation of the solid catalyst component in Example 24, aluminoxane-ll 
was used instead of the aluminoxane-l. The results are shown in Table 4. 

Example 29 

75 Ethylene was polymerized in the same way as in Example 24 except that aluminoxane-ll was used 
instead of the aluminoxane-l at the time of polymerization in Example 24. The results are shown in Table 4. 

Example 30 

20 Polymerization was carried out in the same way as in Example 24 except that a gaseous mixture of 
butene-1 and ethylene containing 9.5 mole % of butene-1 was used instead of ethylene, and the 
polymerization temperature was changed from 80 *C to 70 *C. The results are shown in Table 5. 
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Example 31 



55 Synthesis of aluminoxane 



Halogenated aluminoxane-l:- 
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in ,1 C T pound was ^"'hesized by the same method as in the synthesis of aluminoxane-l exceot that 
rimeL, y r S,S °' T a ' Uminoxane -'- 46 ml * dimethyl aluminum chloride was used instead 7 
tnmethy. a.um.num. The resulting ha.ogenated a.uminoxane had an average degree of polymerization o7n 

5 Haiogenated aluminoxane-ll:- 

the s^thS^ Syntt ! eS ! 2ed in the same W « ^ the synthesis of a.uminoxane-. except that in 
m^nd 25 3 ° TZZSTl ^ am ° Unt ° f tfimethyl a ' UminUm added " as chan 9<* «™ » "5 to 24 7 
* atmtoxane ^ZZZZS^JT ^ * " ™* h ~ 

Preparation of a solid catalyst component (Zr catalyst ) 

In a 400 ml glass flask equipped with a stirrer and purged fully with nitrooen 50 ml nf tni..*™ 

" ^fZ 2 "i": 0 ? ° f ha '° 9enated alUmi —' WaS added * ^^".SSitr; si ca 
Sn?tn 7 ^ Ca) Ca ' Cined * 800 * C ,0r 12 hours and 10 > •* of toluene. The mixture was 
heated to 50 - C and reacted at 50 -C for 2 hours. After the reaction, the liquid portion was removed from 
he reaction m.xture by using a filter. The remaining solid portion was suspended in 100 m oMoluene To 

zo ch oridTari "c a a d nd e the 9 - 4 £ " ^ ^ ^ * ^^yclopentadieny^onium 

dichlonde at 25 C and the react.on was earned out at 25 «C for 2 hours. After the reaction the liouid 
portnn was removed from the suspension by using a filter. The remaining solid portion was washed 2 
w„h toluene to g.ve a solid catalyst component having 0.7 % by weight of zirconium supporSdTn T 

Polymerization 

25 

nitr 0 ^ i T„, Ch hf !k <25 °. 9) , 35 3 diSperSi " 9 39 * nt W3S added ,0 a 2 ' liter a "toclave purged fully with 
TS^J^T^ ^ h6ated 3t 90 ' C ' * W3S SUbi6C,ed to 3 Pressure reduc '°" trea'tme 
mmLlT hJ. Th VaCUUm PUmP S ° th3t the inSide pressure of t^ autoclave became 6.7 KPa (50 
» 2 ? , temperature of the autoclave was then lowered to 75 'C. and the inside of he 

30 autoc ave was replaced by ethylene. 0.13 mil.imo.e of aluminoxane (a,uminoxane-l) was then added an d the 

(aium noxane I) and 0.015 m.ll.mole. as zircon.um atom, of the solid catalyst component were added Th P 
autodave was sealed up. Hydrogen (20 Nm.) was added and the inside of the autodave wis p^ssuriled 

3 s iTi^;: i ;"! idepressur :. ^ °* Mpa ™» » ^ p :;z:t 

mcreaseo to 300 rpm, and the polymerization was carried out at 80 • C for 1 hour 

BhoTu^lTrT^ P °' ymer S ° diUm Ch, ° ride ,he ^ave were taken out, and put in 
ol th J ™, r ° re W3S St ' rred ,0r ab0ut 5 minu,es t0 disso, '' e alm °st all the sodium chloride 

Only the polymer came afloat on the water surface. The floating polymer *as recovered washed fun v with 
methanol, and dried overnight at 80 'C under reduced pressure an^unt o th" polymer yt d d wa 
h 9 ' Thep0lymer had an MFR °' 11 -3 and an apparent bulk density of 0.43 g/ml The TmounTof a fine 
powdery polymer having a size of not more than 105 micrometers was 0.1 % by weighT of the en ire 

fneZSof TT A C ° arS , e P0 ' ymer haVin9 3 Si2S * at ,east 1120 -icromete'rs Ja 9 s no observed 
The Mw/Mn of the polymer was 2.9. The results are shown in Table 6. ooserveo. 

45 Example 3 2 

A solid catalyst component was prepared, and ethylene was polymerized in the same wvav as in 

haTooetted T Pt th3t PreParati ° n ° f the S0 ' id Cata ' ySt COmponent in Example 31 the amount of the 
so fST** t0 ^ Si ' iCa WaS f ™ 2 "•*»- ^ 10 mi.,imo.es. The relut 

Example 33 



ss 



A solid catalyst component (A) was prepared, and ethylene was polymerized in the same wav as in 
Example 31 except that in the preparation of the solid catalyst componen in Exampte 31 SeTemoeratu « 

fZ2 y 5 ed c%t s Tr; n ? ? aCti ° n ° f tc^m^^TT" 
Zn in Tabl 6 ° 7 % * ^ ° f * SUpP ° rted 0n il The ™ 
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Example 34 



A catalyst component was prepared, and ethylene was polymerized in the same way as in Example 31 
except that in the preparation of the solid catalyst component in Example 31, the amount of bis- 
5 (cyclopentadienyl)zirconium dichloride was changed from 0.38 millimole to 0.75 millimole, and the amount 
of the toluene solution of the above zirconium compound was changed from 9.4 ml to 18.8 ml. The amount 
of Zr supported on the solid catalyst component was 1.2 % by weight. The results are shown in Table 6. 

Example 35 

10 

A soiid catalyst component was prepared, and ethylene was poiymerized, in the same way as in 
Example 31 except that in the preparation of tfhe solid catalyst component in Example 31, halogenated 
aluminoxane-ll was used instead of the halogenated aluminoxane-l. The results are shown in Table 6. 



75 Example 36 



Ethylene was polymerized in the same way as in Example 31 except that halogenated aluminoxane-ll 
was used instead of the aluminoxane-l at the time of polymerization. The results are shown in Table 6. 



20 Example 37 

Polymerization was carried out in the same way as in Example 31 except that a gaseous mixture of 1- 
butene and ethylene having a butene-1 content of 9.5 mole % was used instead of ethylene alione, and the 
polymerization temperature was changed from 80' * C to 70 • C. The results are shown in Table 7. 
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Claims 

1. A process for preparing an alpha-olefin polymer which comprises (i) pre-polymerizing at least one 
alpha-olefin in the presence of a solid catalyst comprising 

(A) a solid catalyst component composed of a transition metal compound of the formula (I) 
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RJ Ri T£ Rj Me (I) 

wherein R' represents a cycloalkadienyl group, R*. R3 and R* are identical or different and each 
represents a cycloalkadienyl group, an aryl group, an alkyl group, a cycloalkyl group, an aralkyl 
group, a halogen atom, a hydrogen atom, or a group of the formula -OR a , -SR b or -NRS in which 
each of R*. R and R< represents an alkyl group, a cycloalkyl group, an aryl group, an aralkyl group 
or an organ.c silyl group, Me represents zirconium, titanium or hafrium, k is 1 2 3 or 4 l m and n 
are each 0, 1.2 or 3 and ' " 

k + t+ m + n = 4 supported on a carrier, and 

(B) an aluminoxane, and then (ii) homopolymerizing or copolymerizing an alpha-olefin in the 
presence of the solid catalyst resulting from step (i). 

A process according to claim 1 wherein the aluminoxane (B) is of formula (II) 

i* R X V 



7. 



wherein R is a hydrocarbon group. X is a halogen atom, and a and t, independently from each other 
are numbers of 0 to 80 provided that a and b are not both zero, or of formula (III) 



- A1 ^V (in) 



wherein R, X, a and b are as defined with regard to formula (II). 

*" L P orth P S t aCCO f n9 V!™ 1 ° r 2 Wherei " ,he Carfier is ,reated with an organometallic compound 
before the transition metal compound is supported on it. 

4 ' mnnH Ce f aCC ° rd r 10 C ' aim 3 Wh6rein ,he Of 9anometallic compound is an organoaluminum com- 
pound, an organoboron compound, an organomagnesium compound, an organozinc compound or an 
organolithium compound. 

5. A process according to any one of the preceding claims wherein the carrier is a porous inorganic oxide. 

6. A process for preparing an alpha-olefin polymer which comprises homopolymerizing or copolymerizing 
an alpha-olefin in the presence of a catalyst comprising ymer.z.ng 

(A) a solid catalyst component obtainable by supporting a compourd of a transition metal compound 
of the formula (I) as defined in claim 1 on a porous inorganic oxide treated with a compound 
selected from organometallic compounds, halogen-containing silica, compounds and alurminoxanes. 

(B) an aluminoxane. 



i,mn h aC °w !? 9 10 Cl3im 6 Wherei " thS com P° und ,or bating the carrier is an organometallic 
compound, and the organometallic compound is an organoaluminjm compound, an organoboron 
compound, an organomagnesium compound, an organozinc compound or an organolithium compound. 

A process according to claim 6 wherein the compound for treating the carrier is a halogen-containing 
silicon compound of formula (IV) a ■wniiwmng 

SiY d R| (OR')^ (IV) 
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wherein Y is a chlorine or bromine atom. R* and R«, independently from each other, represent a 
hydrogen atom, an alkyl group having 1 to 12 carbon atoms, an aryl group, or a cycloalkyl group 
having 3 to 12 carbon atoms, d is a number of 1 to 4, and e is a number of 0 to 4 with the proviso that 
the total of d and e is a number of 1 to 4. 

9. A process according to claim 6 wherein the compound for treating the carrier is an aluminoxane of 
formula (II) or (III) as defined in claim 2. 

10. A process according to any one of claims 6 to 9 wherein the aluminoxane (B) is of formula (II) or (III) as 
defined in claim 2, 

11. A process according to any one of the preceding claims wherein the alpha-olefin has 2 to 20 carbon 
atoms. 

12. A process according to claim 11 wherein the alpha-olefin is a mixture of ethylene and an alpha-olefin 
having 3 to 20 carbon atoms. 

PatentansprUche 

1. Verfahren zur Herstellung eines a-Olefinpolymers, umfassend (i) Prepolymerisieren mindestens eines 
or-Olefins in Gegenwart eines festen Katalysators, umfassend 

(A) eine feste Katalysatorkomponente, bestehend aus einer Ubergangsmetallverbindung der Formel 

K R? Rm RJ Me (I) 

wobei R' eine Cycloalkadienylgruppe bedeutet, R 2 , R3 und R 4 gleich Oder verschieden sind und 
jeweils erne Cycloalkadienylgruppe, eine Arylgruppe, eine Alkylgruppe. eine Cycloalkyl gruppe. eine 
Aralkylgruppe, em Halogenatom. ein Wasserstoffatom Oder eine 3ruppe der Formel -OR a -SR b oder 
-NR| bedeuten, wobei jeder der Reste R a . R" und R<= eine Alkykjruppe, eine Cycloalkylgruppe eine 
Arylgruppe, erne Aralkylgruppe oder eine organische Silylgruppe bedeutet. Me Zirkon, Titan oder 
Hafnium ist, k 1, 2, 3 oder 4 ist, I, m und n jeweils 0, 1, 2 oder 3 sind und k+ +m-t-n = 4 ist auf 
einem Trager und 

(B) ein Aluminoxan, 

und dann (ii) Homopolymerisieren oder Copolymerisieren eines .-Olefins in Gegenwart des festen 
Katalysators aus Stufe (i). 

2. Verfahren nach Anspruch 1, wobei das Aluminoxan (B) die Formel (0) aufweist 

\ /* 
R * X V 



wobei R eine Kohlenwasserstoffgruppe ist, X ein Halogenatom und a und b unabhangig voneinander 
Zahlen von 0 bis 80 sind. mit der Maflgabe. dafl a und b nicht beide null sind, oder der Formel (III) 



m ■ ... (Ill) 



• a $ t> 
R X 

in der R, X, a und b wie in bezug auf Formel (II) definiert sind. 
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3. Verfahren nach Anspruch 1 oder 2, wobei der Trager mit einer metailorganischen Verbindung behan- 
delt worden ist, bevor die Obergangsmetaliverbnndung darauf aufgebracht worden ist. 

4. Verfahren nach Anspruch 3, wobei die metaltorganische Verbindung eine Organoaluminiumverbindung, 
erne Organoborverbindung, eine Organomagnesiumverbindung, eine Organozinkverbindung oder eine 
Organoiithiumverbindung ist. 

5. Verfahren nach einem der vorangehenden Anspruche, wobei der Trager ein poroses anorganisches 
Oxid ist. 



6. Verfahren zur Herstellung eines a-Olefinpoiymers. umfassend das HDmopolymerisieren oder Copoly- 
merisieren eines a-Olefins in Gegenwart eines Katalysators, umfassend 

(A) eine teste Katalysatorkomponente, erhaltlich durch Aufbringen einer Verbindung eiiner Uber- 
gangsmetallverbindung der Formel (I), wie in Anspruch 1 definierl, auf ein poroses anorganisches 
Oxid, das behandelt worden ist mit einer Verbindung, ausgewahlt aus metailorganischen Verbindun- 
gen, halogenhaltigen Siliciumverbindungen und Aluminoxanen, und 

(B) ein Aluminoxan. 

7. Verfahren nach Anspruch 6, wobei die Verbindung zur Behandlung des Tragers eine metallorganische 
Verbindung ist und die metallorganische Verbindung eine Organoaluminiumverbindung, eine Organo- 
borverbindung, eine Organomagnesiumverbind'ung, eine Organozinkverbindung oder eine Organoiithi- 
umverbindung ist. 

8. Verfahren nach Anspruch 6, wobei die Verbindung zur Befhandlung des Tragers eine halogenhaltige 
Siliciumverbindung ist der Formel (IV) 

SiY d R| (OR 6 )4-d-e (IV) 

in der Y ein Chlor- oder Bromatom ist, R 5 undl R 6 unabhangig voneinander ein Wasserstoffatom, eine 
Alkylgruppe mit 1 bis 12 Kohlenstoffatomen, eine Arylgruppe oder eine Cycloalkylgruppe mit 3 bis 12 
Kohlenstoffatomen bedeuten, d eine Zahl von 1 bis 4 ist und e eine Zahi von 0 bis 4 ist, mit der 
Mafigabe, da£ die Gesamtsumme von d und e eine Zahl von 1 bis 4 ist. 

9. Verfahren nach Anspruch 6, wobei die Verbindung zur Behandlung des Tragers ein Aluminoxan ist der 
Formel (III) oder (III), wie in Anspruch 2 definiert. 

10. Verfahren nach einem der Anspruche 6 bis 9, wobei das Aluminoxan (B) die Formel (ll> oder (III) 
besitzt, wie in Anspruch 2 definiert. 

11. Verfahren nach einem der vorangehenden Anspruche, wobei das a-Olefin 2 bis 20 Kohlenstoffatome 
aufweist. 



Verfahren nach Anspruch 11, wobei das a-Olefin ein Gemisch aus Eth/len und einem a-Olefin mit 3 bis 
20 Kohlenstoffatomen ist. 



Revendications 



1. Precede de preparation d'un polymere d'alpha-olefine, comprenant les etapes consistent a (i) prepoly- 
meriser au moins une alpha-olefine en presence d'un catalyseur solide, comprenant 

(A) un composant de catalyseur solide, constitue d'un derive d'un rn.etal de transition de formule (I) 

Rk R? r;; M e (|) 

dans laquelle R 1 repr<§sente un groupe cycloalcadienyle, R 2 , R3 et R 4 sont identiques ou diifferents et 
representent chacun un groupe cycloalcadienyle, un groupe arye, un groupe alkyle. un groupe 
cycloalkyle, un groupe aralkyle. un atome d'halogene. un atome d'hydrogene ou un groupe de 
formule -OR a , -SR b ou -NR C 2 , dans laquelle chacun de R a , R b et R e represente un groupe alkyle, un 
groupe cycloalkyle, un groupe aryle, un groupe aralkyle ou un groupe silyle organique, Me 
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represente le zirconium, le titane ou rhafnium, k vaut 1, 2, 3 ou 4, i.metn valent chacun 0, 1, 2 ou 
3, et k + l + m + n = 4, fixe* sur un support, et 
(B) un aluminoxane, 

et, ensuite, a (ii) homopolymeriser ou copolymeriser une alpha-olefine en presence du catalyseur solide 
resultant de I'etape (i). 

Procede selon la revendication 1, dans lequel I'aluminoxane (B) repond a la formule (II) 



A140-A1* I HO-A1*^-OA1 ... (H) 



dans laquelle R est un groupe hydrocarbone, X est un atome d'halogene, et a et b representent, 
independamment Tun de I'autre, des nombres de 0 a 80, etant entendu que a et b ne representent pas 
zero simultanement, ou a la formule (III) 



X 



(III) 



dans laquelle R, X, a et b sont definis comme pour la formule (I!). 

Procede selon la revendication 1 ou 2, dans lequel le support est traite avec un compose organometal- 
lique avant que le derive du m£tal de transition soit fixe dessus. 

Procede selon la revendication 3, dans lequel le compose organometallique est un compose* organoalu- 
minium, un compose organobore, un compose organomagnesien, un compose organozincique ou un 
compose organolithium. 

Procede selon Tune quelconque des revendications precedentes, cans lequel le support est un oxyde 
inorganique poreux. 

Procede de preparation d'un polymere d' alpha-olefine, qui comprend rhomopolymerisation ou la 
copolymerisation d'une alpha-olefine en presence d'un catalyseur comprenant 

(A) un composant de catalyseur solide, que Ton peut obtenir en fixant un derive d'un m§tal de 
transition de formule (I), telle que definie dans la revendication 1, sur un support constitue d'un 
oxyde inorganique poreux, traite avec urn compose choisi parrrii les composes organometalliques, 
les derives halogenes du silicium et les aluminoxanes, et 

(B) un aluminoxane. 

Procede selon la revendication 6, dans lequel le compose destine a traiter le support est un compose 
organometallique, et le compose organometallique est un compDse organoaluminien, un compose 
organobore, un compose* organomagnesium, un compose organozincique ou un compose* organoli- 
thium. 



Procede selon la revendication 6, dans lequel le compose destine a traiter le support est un derive 
halogene du silicium, de formule (IV) 

SiY d R|(OR 6 ) 4KlHJ (IV) 

dans laquelle Y est un atome de chlore ou de brome, R 5 et R e representent chacun, independamment 
Tun de I'autre, un atome d^ydrogene, un groupe alkyle ayant 1 a 12 atomes de carbone, un groupe 



35 



EP 0 279 863 B1 



aryle ou un groupe cycloalkyle ayant 3 a 12 atomes de carbone, d est un nombre de 1 a 4 et e est un 
nombre de 0 a 4, etant entendu que le total de d et de e est un nombre de 1 a 4. 

9. Procede selon la revendication 6, dans lequel le compose desthe a traiter le support est un 
aluminoxane de formule (II) ou (III), telle que delinie dans la revendication 2. 

10. Procede selon Tune quelconque des revendications 6 & 9, dans leqiel I'aluminoxane (B) repond a la 
formule (II) ou (III), telle que definie a la revendication 2. 

11. Procede selon Tune quelconque des revendications precedentes, dans lequel I'alpha-olefine comprend 
2 a 20 atomes de carbone. 

12. Procede selon la revendication 11, dans lequel I'alpha-olefine est jn melange d'ethylene et d'une 
alpha-olefine ayant 3 a 20 atomes de carbone. 
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